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Abstract
The LEP II machine at CERN provides e+e  collisions above the W+W 
production threshold and the four LEP experiments have collected data at col-
lision energies growing from 161 GeV to 183 GeV over the last two years. Ex-
amples are presented of data analysis leading to new measurements of gauge
boson masses and couplings and increased lower mass limits for new particles.
1 THE LEP II PROJECT
The LEP tunnel was made 27 km long, the largest dimension allowed by the geology of Pay de Gex
and the economy of the 1980’es. Even with this formidable circumference, it would still have been
impossible to carry out the LEP II project, doubling the LEP I beam energy of 45.6 GeV, without using
superconducting (Sc) accelerating cavities in the ring. The energy lost to synchrotron radiation grows
with the fourth power of the beam energy. With conventional technology one would thus need many
more warm Cu cavities than there is room for. Moreover, the power dissipated in the cavity walls would
have been at least 50 MW [1]. Instead, new Sc cavities were installed where the walls have a thin layer
of Nb sputtered into the Cu and a cryostat maintaining the boiling temperature of Helium. Hereby the
performance is improved dramatically: the accelerating gradient is about 6 MV/m (instead of 1.4 MV/m)
and the efficiency for converting RF power into beam energy is 75% (instead of 15% at LEP I) [1].
The limitations to further energy increases comes from space constraints, the high cost of the intricate
production of Sc cavities and from limited cooling power. By exploiting the extra cooling power being
installed for the LHC magnets, it may be possible to run with a maximum beam energy of 100 GeV in
1999 and 2000, if the economy allows it.
The four LEP experiments: ALEPH [2], DELPHI [3], L3 [4] and OPAL [5] are well equipped for
LEP II physics with four hermetic detectors that are well understood from the LEP I experience. The
detectors have different strong points, but also many similarities. In particular, all experiments have a
silicon tracking system close to the beam, which is crucial for detecting the short lifetime of b hadrons.
The e+e  annihilation cross-section at LEP II energies is more than two orders of magnitude lower
than at the Z peak, and the cross-section for the four-fermion final states of particular interest is yet
another order of magnitude lower. For reasons of statistics alone, it is therefore important to have four
experiments measuring the same quantities.
In this lecture some examples of the measurements are discussed, mainly at the collision energies
161 and 172 GeV, where each experiment collected 10 pb 1 at each energy in 1996. The examples cover
measurements of gauge boson masses and couplings and searches for Higgs bosons and the supersym-
metric partners of Higgs and gauge bosons.
2 TWO-FERMION PROCESSES
2.1 Lineshape
For each class of standard model processes, the experiments at LEP II have to their disposal several
Monte Carlo codes (see Ref. [6], Vol.II) simulating the final state. These codes are interfaced to a full
apparatus simulation and used to correct the measured data and to compare the results with the standard






























Fig. 1: Measured and predicted rate of high-energy hadronic events as a function of the effective e+e  centre-of-mass energy.
together with the standard model expectation. Two-photon collisions are suppressed by a total energy
cut in this plot. Here,
p
s
0 is the effective e+e  collision energy after radiation of photons from the







. It is easy to separate off these “Z-returns” by excluding events having a visible
mass in the neighbourhood of the Z mass (disregarding high energy isolated photons) and a large total
momentum component along the beam axis. One must bear in mind, however, that a complete separation
between initial and final state radiation is not possible. Thus a small correction (about 1% [8]) is needed
to account for the initial-final state radiation interference when comparing measured cross-sections with
standard model predictions.
The combined LEP II measurements of the annihilation cross-section into hadronic (qq) final states









































where the ‘bar’ indicates that an s-independent definition of the Z width has been used here. A fit
to combined LEP II data results in a direct measurement of the /Z interference term [7], which is a
characteristic ingredient of the standard model:
j
had
= 0:14 0:14 (standard model : 0:22) (2)
OPAL has also used their measured cross-sections and forward-backward asymmetries to measure the
energy dependence of the electromagnetic coupling constant in a completely model independent way.
Combining their data with those of TOPAZ, OPAL obtains 1=
em
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LEP1 √s´/s > 0.10
LEP2 √s´/s > 0.10
LEP2 √s´/s > 0.85
Fig. 2: Cross-section for qq production in e+e  collisions.
2.2 Contact terms
Also the f f forward-backwards asymmetries, are found in agreement with the standard model expecta-
tions. It is interesting to determine to which extent the agreement between the measured cross-section
and asymmetries excludes new physics such as fermion substructure on a very small scale or exchange
of new heavy particles. While the standard model cross-section (S) decreases like 1=s, the new physics
contribution (N) would actually grow with s (just like the  cross-section at low energy) and also, as the
















where  is the scale of the new interaction (e.g. the mass of a new heavy exchanged object).
Just like in the old Fermi theory for weak interactions, the effective structure of the new interaction

































where L;R refer to fermion chirality projections and 
ij
is typically 1 or 0, depending on the model.
When f
j
is an electron, an extra factor 1
2
is needed. When extracting limits on  from the data, it is
assumed that g2=4 = 1. The LEP II data are particularly sensitive to VV and AA interactions (these are
also unconstrained by atomic parity violation experiments) where e.g. OPAL has published limits on 
in the range 5-8 TeV [8] for a universal contact interaction. Such limits on a contact interaction strongly




Although the rate of qq events at LEP II is much lower than at LEP I, the higher energies at LEP II gives
new opportunities for QCD studies. These concern both the hadronic final state from e+e  annihilation
and from the relatively abundant  collisions. Furthermore, an accurate description of qqn() events
and  collisions leading to hadronic final states are neccessary in order to understand the background
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Fig. 3: Distribution of various event shape variables (T is thrust) in e+e  ! qq processes together with hadron level predictions
from different fragmentation models.
The probability (at leading power in 
S

























= 3, Q is energy scale of the process and  is the scale at which the theory is renormalized.
This can be used for a measurement of 
S
. The probabilities become singular when the gluons have
194
zero energy or zero emission angle. For some quantities, characterizing the parton shower resulting
from successive splittings, analytical calculations exist that resum the large logarithms arising from the
infrared and colinear singularities (see P. Nason’s lecture). Otherwise one has to rely on Monte Carlo
models for hadron production (see e.g. Ref. [9], p.143). Most models use the lowest order QCD matrix
element for producing the initial partons from the e+e  reaction. Then the partons undergo successive
splittings, together with a simulation of soft gluon interference effects, until a certain parton virtuality,
Q
min
, is reached. Finally the partons are fragmented into hadrons using a QCD inspired non-perturbative
model. When extracting the strong coupling constant from a comparison of data with predictions, it is
important to compare quantities that are largely unaffected by infrared and collinear parton splittings and
by the particular model used for hadronization, but of course sensitive to the probability for a quark to
radiate a hard gluon.










which measures the collimation of the particles in an event around a certain direction n. Per definition
it is unaffected by splittings into soft or collinear gluons, and the hadronization correction is small and
approximately constant over a wide range of thrust values. An example of the comparison between the
measured and calculated thrust (and other event shapes) is shown in Fig. 3.
Another approach is to cluster the measured particles (charged tracks and neutral calorimeter clus-
ters) into jets and let those represent the partons at a certain maximum virtuality. There are several
different algorithms for doing so, one being the cone algorithm mentioned in P. Nasons lecture. Another














are joined together for as long as this metric stays below a cer-
tain value. This choice of metric is particularly “infrared safe” because of the squaring of each energy.
Another metric is the more “mass-like” JADE metric y
ij









. In each case
one can chose between various schemes for adding the two particles together, the most straight forward




, are simply added. Another possibility is the
‘P-scheme’ where the jets are forced massless. The distribution of y
3
, the y-value at which a hadronic
event goes from three jets to two jets, is another good gauge of 
S
.
Figure 4 shows ALEPH measurements of 
S
based on the thrust, heavy jet mass and y
3
distribu-
tions [10]. The running of 
S
with energy is here seen within the same experiment and the same analysis.
The other LEP experiments have done similar analysis and arrive at consistent values of 
S
[10]. Such
methods for measuring 
S
join other methods (e.g. the R-ratio and scaling violations described in P. Na-
sons lecture) used at energy scales ranging from the  mass to LEP II energies. The fact that all these






) = 0:118  0:003 [11], is a compelling argument for the validity of QCD.
3 W PHYSICS
WW events are produced at LEP II through three doubly resonant “CC03 diagrams” (s-channel /Z
exchange and t-channel  exchange). They lead, through W decays, to a four-fermion final state. There
are many other diagrams leading to the same four-fermion final states and thus interfering with the CC03
processes. Monte Carlo event generators are available [6] both for CC03 diagrams alone and together
with other four-fermion Feynman diagrams. These are used to calculate corrections, typically a few
percent, so that the measured cross-section refer to CC03 processes. Two-fermion processes, such as
qq production, can also mimic the experimental signatures for CC03 processes, and these are subtracted
using other Monte Carlo generators. A principal goal at LEP II is to measure the W mass to a precision
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Fig. 4: A preliminary ALEPH measurement of the strong coupling constant from event shape distributions at various centre-of-
mass energies. The inner errors are experimental and uncorrelated.
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of 30-50 MeV and the W couplings to a precision of a few percent.
3.1 The WW cross-section
The WW cross-section near threshold is sensitive to the W mass. Each analysis has its own WW event
selection. As an example, the ALEPH analysis [12] at 172 GeV is described here.
Purely leptonic decays of the two W’s are identified by two thin, low multiplicity jets with either
electron or muon signatures or typical lepton-pair topology. Hard photon veto’s and kinematical require-
ments of e.g. a minimum total transverse momentum and minimum total mass reduce the background
from radiative dileptons and  collisions. The efficiency of these selections is 74% and the background
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Fig. 5: The WW production cross-section as a function of collision energy. The curves display the destructive interference of
the three CC03 diagrams.
The four times more copious semileptonic WW decays are identified by the presence of an en-
ergetic lepton, a large missing momentum opposite to the lepton and two energetic jets. The jets are
formed by the Durham (‘P-scheme’) algorithm. Special treatment is given to the eqq channel, where
final state photon radiation is added to the electron energy, and to the qq channel, where the lepton
is allowed to be low multiplicity jet, but where the kinematical requirements are stronger. The overall
efficiency is 81% and the background is 0.24 pb, dominated by qq().
The four-quark channel has an expected branching fraction of 45%, but also a large background
from qq events with hard gluon radiation. A preselection removes “Z-returns” and two-jet events: Four
jets are required, large visible energy, small missing longitudinal momentum and none of the jets must
look like a single track or photon. The remaining 186 events are located in a multidimensional space of
discriminating variables: i) y
34
, the jet resolution parameter where the event goes from three to four jets;
ii) the sphericity; iii) the sum of squared transverse momenta relative to their jet-axis; iv) the lowest jet
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energy and v) the sum of cosines of inter-jet angles. Each bin in this space has a weight which is the
expected fraction of WW events in this bin. A fit to the distribution of the 186 weights, using a fixed
background and a variable WW contribution obtained from MC, yields the WW hadronic cross-section.
The other three experiments have done similar analysis [13]. In Fig. 5 the combined LEP total
WW cross-section is shown as a function of the collision energy. The smooth behaviour at threshold
is due to initial state radiation and the W width of 2.07 GeV. The standard model curve for the best W
mass is in good agreement, and the destructive interference between the three CC03 diagrams is clearly
displayed in the cross-section at 172 GeV by leaving out photon and Z exchange from the calculation.
From the cross-section measurements it is also possible to extract the leptonic and hadronic
branching ratio of the W. The leptonic branching ratios are found consistent with lepton universality.
The measured hadronic branching ratio can be used for an independent determination of the least well
determined CKM matrix element: jV
cs
j = 0:96  0:08 [14].
3.2 The W mass
After selecting a sample of mainly WW events with semileptonic or fully hadronic decays [13, 15], the
next step in the W mass measurement is to assign the four fermions to their W mother and to improve their
momentum measurement. This can be done in many ways, most often by a 2 fit where the momenta
are varied within their errors under the constraints of energy and momentum conservation. An extra
constraint of equality between the two W masses in an event is also used frequently. The most commonly
used technique is to minimize the following function:
F (y;














where y are 12 parameters describing the four fermion momenta, V is the covariance matrix of the y’s, 
are five Lagrange multipliers and f are five functions that vanish when the five constraints are satisfied.
In the four-jet case there are three possible pairings and the probability of the fit is typically used to
discharge at least one of them. At this point there are two general routes that have been used to extract
the W mass from the measured fermion-pair masses.
The first route is fitting an analytic function to the measured mass spectrum. The signal is to a first


















and the background can be parameterized by a simple analytical function. The fitted parameter m
0
must, however, be corrected afterwards by a relatively large amount (several hundred MeV) to obtain the
true M
W
on the average. This is due to initial state radiation, detector resolution, analysis biases and
phase-space effects which must be determined by extensive simulation.
The other route is a direct comparison between the measured mass spectrum and the spectra ob-




. In practice a
full detector-level simulation of the analysis is performed only at a few input pole masses. The expected
spectrum for another pole mass is then obtained by weighting each event in the reference MC by the
ratio of cross-sections for the generated W masses in the event, calculated with the new and the reference
W pole mass. A log-likelihood curve as a function of M
W
can then be constructed by comparing the
measured with the expected spectrum.
The values for M
W
found by direct reconstruction using various methods in the four experiments
at 161 GeV and 172 GeV are consistent with each other. They are also consistent with the value deduced
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W-Boson Mass  [GeV]
mW  [GeV]
χ2/DoF: 0.2 / 1
80.2 80.4 80.6 80.8
pp-colliders 80.41 ± 0.09
LEP2 80.48 ± 0.14
Average(world) 80.43 ± 0.08
LEP1/SLD 80.329 ± 0.041
State: j97
Fig. 6: Direct and indirect measurements of the W mass.
from the WW cross-section near threshold, with the pp collider results and with the indirect measure-
ments deduced from LEP I and SLD data while assuming the standard model, as shown in Fig. 6.
The errors on the LEP II measurements are still totally dominated by statistics. Among the sys-
tematic errors that may ultimately limit the precision are some that are interesting in their own right.
These are effects of colour fields stretched between the quarks from different W’s and of interference
between identical particles, close in phase-space, but belonging to different W decays. A way to study
such effects is to compare semileptonic WW decays with fully hadronic decays, and it is under lively
discussion how large effects one should expect to find. In any case, no sign of colour reconnection or
Bose-Einstein interference between the decay products of different W’s has yet been observed [16].
Figure 7 shows how the W mass measurement helps to constrain the standard model. The straight




) plot is the area allowed by the standard model for a range of Higgs masses. It is
seen that the direct determination of the masses are consistent with the indirect determinations and with
the standard model.
3.3 Triple Gauge boson Couplings
With nothing but Lorentz-invariance required of the Lagrangian describing WW and WWZ couplings,
any product of fields and field tensors resulting in a scalar is allowed, each with its own coupling con-
stant. These are called Triple Gauge boson Couplings, or just TGC’s. There are 14 independent terms
of low dimensionality (at most six contracted Lorentz indices, see [6],Vol.I p.526). Assuming elec-
tromagnetic gauge invariance as well as C and P invariance, these reduce to five terms. Since we are











, which are all zero in the standard model (some of them
have familiar physical meanings, such as 

, which is an additional contribution to the g-factor in
the W magnetic moment). Some combinations of the parameters are already fixed by LEP I measure-











































). Also these parameters are zero in the standard model.
All four LEP experiments have measured these parameters [17]. They affect the WW cross-
section, production angle and decay angles. Because of lack of flavor tags on the quark jets, the semilep-
tonic qql events and the purely leptonic events gives the most information. The differential cross-section




















Fig. 7: The W mass versus the top mass. The band is the SM prediction for various assumed Higgs masses
in turn are well defined functions of the anomalous TGCs [6] (p537). A log-likelihood fit of the cross-
section is therefore made, using a similar Monte Carlo reweighting technique as for the W mass fit
(actually this technique was first used in the TGC analysis, with the weights being the matrixelements
squared for producing the four fermion four-momenta).
Table 1: Anomalous TGC’s measured in e+e  !WW events at the collision energies 161 GeV and 172 GeV





















The differential cross-section is not very sensitive to the TGC parameters, because of lack of ex-
plicit knowledge about the final fermion helicities, and therefore the LEP II measurements will probably
always be limited by statistics. To make the most out of it, the negative log-likelihood curves for the four
experiments are added together and the 67% and 95% confidence limits are taken as the parameter values
where  logL = 0:5 and 1.92, respectively. The results are shown in Table 1. They agree with the




would have been  1.
4 SEARCHES FOR THE HIGGS BOSON
The lecture by V. Zakharov on the standard model makes the case for a neutral spin-0 Higgs boson. Fig-
ure 7 further shows that within the framework of the standard model, a relatively light Higgs is preferred
by the accumulated electroweak data, possibly in the mass range accessible at LEP II. The theoretical
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preference of a light Higgs is reinforced by the minimal supersymmetric extension of the standard model
predicting a Higgs mass lighter than about 130 GeV (see F. Zwirners lecture). An important job for LEP
II is therefore to discover this particle or at least exclude it for Higgs masses at or below the Z mass - a






















Fig. 8: Standard model Higgs production cross-section
4.1 Search for the standard model Higgs boson
The main production mechanism for the standard model Higgs at LEP II is the Higgs-strahlung diagram
(e+e  ! Z ! ZH) with a small additional contribution from WW! H and ZZ! H fusion. Although
the pointlike cross-section was much higher at LEP I, the on-shell production of the final state Z in the
Higgs-strahlung diagram more than compensates for this (see Fig. 8). The background, on the other
hand, falls like the pointlike cross-section, and this is exploited at LEP II to include almost all decay
channels of the final state Higgs and Z in the search. Since a large fraction (about 85% ) of the Higgs
decay into B-hadrons, the search is optimized for those channels in all four experiments [18]. When
the Higgs mass limit approaches the Z mass, where ZZ production will become a dominant background,
b-tagging will be even more important.
The Higgs search analysis applies selection criteria to the data, designed to yield the highest pos-
sible mass limit within the capabilities of each experimental apparatus (in case the Higgs is too heavy
to be discovered). It goes without saying that such selection criteria should be developed on the basis
of Monte Carlo studies alone. In a first step, “Z-return”,  and WW events are removed from the data
using some of the signatures previously mentioned. Then a selection is made for each decay channel of
the Z and the Higgs. In case of the Z or the Higgs decaying into charged leptons it is enough to demand
some minimum mass of the hadronic system. In other cases one or two of the hadronic jets in the event
must be tagged as a b-jet.
The most important instruments for b-tagging are the silicon vertex detectors providing informa-
tion about the crossing point between a track and the closest jet and about secondary vertices close to the
beam. The amount of significant positive decaylength is a good discriminating variable. Other signatures




with respect to the jet axis) and jet-shapes (b-jets tend
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to have larger invariant mass and multiplicity). Typically, such variables are used as input to an artifial
neural network which is trained to flag b-jets on MC events. The output of the net for the jets assigned
to the Higgs is then used together with some requirement of the Z decay (e.g. large missing mass in the
case of  decay) to select candidate Higgs-strahlung events. An alternative technique is to cut on a
weight factor, the signal probability for an event calculated with MC as in the W analysis. The event is
then characterized by a set of variables, such as y
34
, missing mass, the amount of b-tag, the mass of the
particles assigned to Higgs decay etc.. The accuracy of the various methods can be tested using bb from
radiative Z decays.
There is no unique way to obtain the best mass limit when combining several channels, some of
which may contain Higgs candidate events from background processes, and combining several experi-
ments, each using their own quantity for selecting the most “signal-like” events. ‘Best’ means the largest
Higgs mass, 
H
, at which there is (at most) 5% probability for making a measurement with an outcome
as “unsignal-like” as actually observed. The results obtained by the four experiments from the 161 and
172 GeV data are given in Ref. [19], together with a comprehensive discussion of the various statistical
methods proposed for obtaining a combined lower mass bound.





where s is the number of expected signal events (lowered by the systematic error in the selection ef-
ficiency). It would have been a more involved expression had there been an observed candidate event
[19].
The DELPHI, L3 and OPAL analysis use (with minor variations) the following procedure: A large
number of simulated repeats of the experiment with both signal and background present is performed.
The probability, P
s+b
, of finding a less signal-like outcome than observed is extracted as a function of
the assumed Higgs mass 
H
. The corresponding probability, P
b
, is extracted from simulations with













(Note that the “signal-likeliness” also includes a preferred mass of the Higgs decay products, and there-
fore also P
b
is a function 
H
). The reason for not just using the nominator is the risk of excluding a
Higgs on the basis of some particular background fluctuation.
Apart from different statistical methods for extracting the limit, there are also different ways of
combining the experiments. All the methods give, however, very similar results. While the average lower
limit on the standard model Higgs mass is 69 GeV, the combined limit is 77.5 GeV (using conservatively
the smallest combined result). This limit is slightly larger than expected (75.7 GeV), since the experi-
ments found fewer candidates than expected from background. Higher energy runs are expected to raise
this limit by roughly 2E
beam
  172 GeV – unless of course the Higgs is found.
4.2 Search for the MSSM Higgs boson
In the Minimal Supersymmetric extension of the Standard Model (MSSM) there are two complex isodou-
blets giving rise to 8   3 = 5 spin 0 Higgs bosons (three degrees of freedom are used for longitu-
dinal W and Z modes). These are H0 and H with masses above M
Z





j cos 2j at tree level, but could be as high as 130 GeV after higher order corrections) and a




. The expected production mechanism for MSSM neutral
























where  is a p-wave suppression factor,  and  are SUSY parameters (see F. Zwirners lecture) and ZZH
is the standard model Higgs-strahlung cross-section..
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Fig. 9: The zones in the h-mass, tan  plane excluded by ALEPH.







b final states. The event selection makes use of b-tags in the same way as for the standard model
Higgs analysis. Exclusion limits are given in a plane of at least two dimensions, e.g. the h mass vs. tan
under some assumption for the SUSY breaking mass scale and the amount of mixing in the stop sector.
No signal has yet been found [20]. The exclusion limits obtained by ALEPH from the 161 GeV and 172
GeV data is shown in Fig. 9. It is seen that the allowed mass range is not very wide at low tan , and if
LEP II succeeds in raising the beam energy up towards 100 GeV, one will actually be able to exclude the
MSSM for small values of tan  (below about 2) and reasonable values for M
SUSY
.
4.3 The four-jet intermezzo
At the intermediate collision energies of 130 GeV and 136 GeV, ALEPH observed a peak around 105 GeV
in the spectrum of the sum of dijet masses in four-jet events, using jet combinations where the difference
between the dijet masses were as low as possible (the sum has a much better resolution than the difference
because of the energy-momentum constraints). This peak was reproduced, although to a lesser degree, at
161 GeV and 172 GeV, such that ALEPH had 18 events in the peak with 3 expected. However, the other
three experiments saw nothing and neither did the excess events have any of the theoretically expected
properties for e.g. hA production, such as many b-tags. Since the three experiments could not totally rule
out a collision-energy dependent signal peaking at at 130/136 GeV, a run at these energies was repeated
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during the fall of 1997. Nothing unusual was seen at this run by any experiment, and this laid to rest the
saga as an amazingly large statistical fluctuation [21].
5 SEARCHES FOR SUPERSYMMETRIC PARTICLES
LEP II offers an excellent opportunity to search for supersymmetric partners of the known particles in
the mass region below the Z mass. In particular it is possible to set mass limits that are valid in a wider or
complementary range of supersymmetric models compared with similar limits obtained at the Fermilab
Collider (see again F. Zwirner). An example of this is the gaugino/higgsino search [22], which will be
the only SUSY search covered in this lecture.
SUSY models predict a large cross-section for chargino production at LEP II, if this is kinemat-
ically possible. Charginos, ~
i
, are mass eigenstates of mixed wino and charged higgsino fields. The
fermionic partners of the , Z and neutral Higgs bosons mix to for neutralino, ~0
j
, mass eigenstates. The
indices label the states according to increasing mass. In the MSSM there are two charginos and four
neutralinos. If R-parity conservation is assumed, these particles are produced in pairs and they typically
decay via virtual W or Z emission to the ~0
1
. This neutralino is often assumed to be the lightest super-
symmetric particle (LSP), which therefore escapes detection. The LSP could also be a ~ or a gravitino
and such possibilities are included in the searches.
The chargino (or neutralino) pairs would be produced via s-channel /Z exchange or via ~
e
(or
~e) exchange in the t-channel. If ~
e
is light, the t-channel diagram will reduce the chargino cross-section
considerably due to destructive interference. Otherwise, the chargino cross-section is predicted to be





production) is typically a
fraction of a pb. The detailed prediction of the cross-sections and decay channels depends on the many
parameters of SUSY theory. If, however, a common gaugino mass, m
1=2
, and a common sfermion mass,
m
0
, is assumed at the GUT scale, then the masses and couplings of the charginos and neutralinos are




, tan and .
The experimental signature of a chargino is a large amount of missing energy and transverse
momentum accompanied by two jets (possibly merged into one) or a charged lepton from the virtual
W decay. The efficiency drops sharply when the LSP mass approaches the chargino mass from below,
because of the vanishing visible energy in the event. Special selection criteria are needed in this case,








production is assumed to decay into the LSP accompanied by a jet pair
(possibly a monojet) or a l+l  pair from virtual Z decay. Again the efficiency of the standard selection
criteria vanishes, if the two neutralinos become mass degenerate. In some regions of SUSY parameter





+  is possible through loop diagrams, providing an alternative experimental
signature. The searches have furthermore been extended to the case where the lightest neutralino can
decay radiatively into a light gravitino [24] and to the case of a very light gluino LSP [25].
No chargino or neutralino signal has yet been reported by any experiment, and this fact excludes
a region in SUSY parameter space. This region has several possible projections of which Fig. 10 shows






) excluded by the DELPHI experiment and




> 100   200 GeV,
implying a not too light sneutrino), the limit is higher, increasing logarithmically from about 25 GeV at
tan = 1 to  45 GeV at tan = 40.
6 CONCLUSION
Already with the first 20 pb of data above the WW threshold LEP II has provided a measurement of M
W
with a precision comparable to that of hadron colliders, a test of the triple gauge boson coupling of the
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DELPHI MSSM limits





































































Fig. 10: Exclusion limits in M
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Lower limit on Mχ~10
for any m0
L3
Excluded at 95% C.L.
Photonic final states not included
Photonic final states included
b)
Fig. 11: The neutralino mass limit obtained by L3 as a function of tan  for any choice of the other MSSM parameters.
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standard model and extended mass limits on several hypothetical particles. LEP II has a large potential
for further achievements, both from increasing the integrated luminosity and from increasing the beam
energy.
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